ABSTRACT The effects of three moisture levels (0, 10, and 20% added water) and three processing temperatures (115.6, 121.1, and 126.7 C) on texture and collagen solubilization of fowl meat gels were examined. Meat gels were formulated from spent fowl breast meat that were cooked in water (71.1 C internal temperature) prior to heat processing. The water-cooked gels were heat processed at the three temperatures to an F 0 value of 6.0 (Z value = 10 C). The addition of 20% water resulted in a reduction of the soluble collagen compared to the 10% water-added treatment. The lowest processing temperature increased the soluble collagen compared to the highest processing temperature. Shear stress and hardness decreased as the amount of added water was increased; and the lowest processing temperature resulted in the lowest hardness values. The increase in soluble collagen parallels the decrease in hardness in the samples processed at the lowest temperature. Because each sample was processed to equivalent F values, the lowest processing temperature had the longest exposure time (26 min at 115.6 C, 12 min at 121.1 C, and 6 min at 126.7 C). The longer exposure to moist heat allowed for greater collagen solubilization and lower hardness values. The 0% added-water treatment had the highest yield from before and after heat processing. However the 10% water-added samples had the greatest overall water retention when each treatment was placed on an equal level of initial water content. Furthermore, the highest processing temperature (shortest processing time) resulted in the greatest yield and moisture retention compared to the other processing temperatures.
INTRODUCTION
Spent hens are sold to retort canning operations for processing into soups, stews, and gravies or as stewing hens. An increase in collagen crosslinking in older animals contributes to meat toughness (Goll et al., 1963; Bailey, 1972; Nakamura et al., 1975; Swatland, 1984) . Retorting denatures the triple helical structure of collagen, which can tenderize the meat. Improvement in the textural and yield characteristics of aseptically processed chicken breast was reported by Dawson et al. (1991) . However, unacceptable texture characteristics, including toughening, drying, and loss of particulate shape, were observed after high temperature processing. The heat denaturation of myofibrillar proteins (also called myofibrillar hardening) can result in meat toughness (Dube et al., 1972; Cheng and Parrish, 1979; Dawson et al., 1991) . Sweat et al. (1973) theorized that water content had the greatest effect on the thermal conductivity of the major components of meat (moisture, fat, protein, and ash) because water has a higher thermal conductivity than the other constituents of meat and is its major constituent. Choi (1985) found that changing the moisture content of shrimp and scallops altered their thermal properties because water had a higher thermal conductivity and lower density than other components. Marination of chicken meat in various organic compounds improved its texture and integrity after aseptic processing (Dawson and Sheldon, 1993) . The objective of the present study was to determine the effects of moisture content and thermal processing temperature on the texture, collagen solubilization, and yield of fowl meat gels.
MATERIALS AND METHODS

Meat Gel Preparation
The Pectoralis major was excised from fresh, unfrozen whole spent hen carcasses and trimmed of all visible fat and connective tissue. Three different meat batters were prepared using different levels of added water (0, 10, and 20%) based on original meat weight. The meat was chopped and ingredients blended in a food processor. (0.5%) were added based on the weight of the final product after the addition of water and ingredients. Each meat batter was placed in a polyethylene bag, then a vacuum 3 was applied to the bag. The bags were opened and a second vacuum was applied to each bag. The double vacuum procedure was applied to minimize air pocket formation in the final cooked gel. A corner of the sealed vacuum bag was opened, then immediately placed into a hand stuffer. Meat batters were stuffed into polycarbonate tubes (18 cm × 2 cm diameter), sealed with rubber corks, cooked in a water bath at 60 C for 15 min, then held at 82 C until an internal temperature of 71 C was reached. Cooked gels were removed from the tubes prior to further heat processing treatments. The pH of raw batter and cooked gel were determined by dispersing 5 g of sample in 50 mL of distilled water and mixing for 30 s. 4
Determination of Heat Processing Schedules
Cooked gels were exposed to heat processing at 121.1 C in Experiment 1 and three maximum retort temperatures (115.6, 121.1, and 126.7 C) in Experiment 2. The retort processing times at each temperature were calculated to equal a F 0 = 6.0 using a Z value of 10 C. The processing schedules for each temperature (including come-up and cool-down time for the retort) were determined by collecting heating curve data 5 for 12 samples in duplicate runs for each moisture content treatment. The total processing times (including come-up and cool-down) for each processing temperature were 26 min for 115.6 C, 12 min for 121.1 C, and 6 min for 126.7 C. The processing schedules for each moisture content treatment were slightly different due to the high thermal conductivity of water compared to other meat components.
Torsion Analysis
Shear stress and shear strain values were determined on the cylindrical samples trimmed to 3 cm in length and fixed with styrene disks. Samples were milled 6 to a 1 cm diameter with an hour glass shape. The samples were then placed into a torsion viscometer 7 and twisted until failure. The torsion viscometer parameters were: 2.5 (RPM) shear rate, 0.0148 (radians/digital torque reading) spring constant, and 0.02875 (Nm) full scale torque. Shear stress and shear strain values were calculated using a computer software package 8 with data collection directly from the viscometer to the computer.
Texture Profile Analysis
Four 3-cm samples were compressed 9 twice by 50% of the original sample size using a crosshead speed of 100 mm/min and using a 50-kg load cell. Compressionrelaxation profiles were recorded on a strip chart and sample profiles were traced twice and averaged by an electronic planimeter 10 to calculate chewiness, cohesiveness, elasticity, fracturability, gumminess,and hardness according to Bourne (1978) .
Collagen Analysis
Analysis for heat-stable and total collagen were conducted as described by Kolar et al. (1990) . Each group of samples included two blanks and four standards in concentrations of 0.6, 1.2, 1.8, and 2.4 mg/mL. Total collagen was determined from a 4-g meat sample. Heatstable collagen was determined by adding 5 g of meat sample to 10 mL of 85% sodium chloride solution, allowing the mixture to stand at room temperature for 1 h, then heating in a boiling water bath for 1 h to extract the soluble collagen. The solution was cooled, decanted, and the residue blotted, after which the residue was weighed and analyzed for collagen content. The percentage of soluble collagen was determined by dividing the difference between total collagen and heat-stable collagen by the amount of total collagen and multiplying by 100.
Statistical Analysis
The experiment was replicated three times with two main treatment effects of added water and processing temperature. The data were analyzed as two separate experiments. The first experiment had two variables; level of added water (0, 10, and 20%) and processing treatment (water-cooked only and water-cooked then heat processed at 121.1 C. The second experiment also had two variables; level of added water (0, 10, and 20%) and temperature of heat processing (115.6, 121.1, and 126.7 C); all of the samples had been water-cooked prior to heat processing. Differences in means were analyzed using the general linear models analysis of variance (SAS Institute, 1992) . The least significant difference was used to determine the probability level of mean differences. Pearson correlation coefficients were generated for comparisons of the relationships between collagen, torsion, texture profile, and yield results.
RESULTS AND DISCUSSION
Experiment 1
The average moisture content of the raw meat was 73.79%. The sodium tripolyphosphate was added on a percentage of the final meat batter: the 20% added water treatment had more phosphate than the 10% treatment, which contained more than the 0% treatment. Because sodium tripolyphosphate is an alkaline phosphate, the difference in phosphate content between the treatments resulted in a slight difference in the pH of the 20, 10, and 0% added-water treatments to 6.20, 6.15, and 6.09; respectively. The pH difference was reflected in the cooked meat, with values of 6.42, 6.40, and 6.34 for the 20, 10, and 0% added-water treatments, respectively. Only moisture, fracturability, and gumminess were significantly affected by the treatment interactions (level of added water and heat processing) ( Table 1) . Heat-stable collagen, soluble collagen, and fat content were not affected by any of the treatment main effects or interactions. Not surprisingly, the moisture content of the samples that were only water-cooked (WC) was significantly greater at each level of water added (Tables 2 and  3 ). Both of the added-water treatments retained enough water to result in a greater moisture content than the samples with no added water. However, the moisture content of the samples with 10 and 20% levels of added water that were exposed to further heat processing at 121.1 C (RETORT) were not different. This result is verified in the data analyzed in Experiment 2, showing that the 10% level of added water was bound more tightly than the 20% level, which appeared to "overload" the myofibrillar proteins present, resulting in reduced water binding and loss of added water. Jensen (1993) found similar results when evaluating the water binding ability of turkey meat marinade. Hardness decreased with the addition of water in both the WC and RETORT samples. Hardness was also lower at each level of added water for the RETORT samples than for the WC samples. The additional water likely interfered with the protein structure matrix, thus weakening the gel. Thermal processing after water cooking also weakened the gel, which was possibly due to the breakdown of the weaker hydrogen bonds. Gel fracturability was very low for all the WC samples, whereas the RETORT samples were much more fracturable. The RETORT samples were also less gummy than the WC gels. The additional thermal TABLE 3. Effect of added water and high temperature processing on the attributes of spent fowl meat gels, Experiment 1. Parameters without significant interaction between level of water added and processing temperature a-c Means within rows and treatments with no common superscript differ significantly (P < 0.06). 1 Meat was stuffed into polycarbonate tubes then cooked in a 60 C water bath for 15 min then held in a 82 C water bath until the internal temperature reached 71 C.
2 Heat processed indicates addition thermal processing of water-cooked gels at 126.7 C. processing caused dehydration of the meat, which resulted in a more rigid and fracturable gel. This result is substantiated by the fact that the samples with additional thermal processing with added water had lower fracturability index values than those samples with additional thermal processing and no added water. Of the parameters with no significant interaction, stress, crude protein, and chewiness were greater in the samples with no added water than in those with added water. The differences in crude protein are due to the dilution effect of the added water. The higher stress and chewiness values reflect the gel weakening effect of added water reported earlier in the hardness values. Those samples receiving no additional thermal processing had greater stress, strain, elasticity, cohesiveness, and chewiness values, further supporting the hypothesis that thermal processing generally weakened the gel structure. The lower crude protein content in the unprocessed samples was again a result of the concentration of the solids in the gel due to the removal of water during thermal processing.
Experiment 2
None of the dependent variables analyzed were significantly affected by the interaction between the level of added water and processing temperature (Table 4) except for preretort moisture content. Soluble collagen, preretort moisture, retort yield, hardness, gumminess, and chewiness were the only variables significantly affected by both main effects. The lowest processing temperature increased the solubilization of collagen (lower percentage soluble collagen) compared to the highest processing temperature (Table 5 ). The gels processed at the lowest temperature also had lower hardness values than meat processed at the highest temperature. The longer processing time (26 min) at the lower temperature (115.5 C) compared to the highest temperature, shortest time (6 min) caused greater collagen solubilization, resulting in a tenderization of the meat. Similar results were reported by Dawson et al (1991) , in which 130 C heat processing solubilized collagen to greater degree than 145 C under equivalent F 0 thermal treatments. Light et al. (1985) found that collagen shrinks between 60 and 70 C and solubilizes at 80 C, and the conversion to gelatin weakens the connective tissue structure (Larick and Turner, 1992) . Shorter heat processing times at higher temperatures are known to have a less deleterious effect on food components (Swartzel, 1986) . However, in the case of spent fowl meat, the degree of denaturation by slow, moist heat is reduced by higher temperature, shorter time processing. The reduced degree of denaturation results in a harder meat gel, which in the case of fowl meat may be a disadvantage, as this type of meat is often perceived as tough, requiring some process of tenderization (Sams, 1990) . Shear stress and hardness decreased with the addition of water to the meat gels. This result was probably due to a "dilution" of the myofibrillar proteins, resulting in the formation of a more open and weaker gel structure in the samples with more added water. The 0% added-water treatment had the highest yield from before and after heat processing. This result is not surprising, as these samples had less water to lose than the 10 and 20% samples. However, the 10% water-added samples had the greatest overall water retention when all treatments were placed on an equal initial water content level (Table 5) . Thus, the 10% added water level (of the three levels tested) would be viewed as optimal for minimizing water retention and the retention of meat structure. Depending upon the raw meat source, some denaturation of the protein structure may be desirable.
Correlation of Texture with Chemical Analyses
As the percentage of soluble collagen content increased, cohesiveness decreased (Table 6 ). The collagen crosslinkages may act to hold the meat gel together; thus, the loss of crosslinkages by heat solubilization may be reflected in a reduction in cohesiveness.
Strain was negatively correlated to preprocessing moisture content and positively correlated to postprocessing fat content. Thus, as moisture increased and fat decreased, the meat gel became less deformable prior to fracture. The higher moisture may have weakened the gel structure. This conclusion is supported by the negative correlation between fat content and strain, which may reflect the effect of added moisture, and rather than the lower fat content. The higher fat content also reduced elasticity and increased cohesiveness, whereas crude protein was positively correlated to elasticity. Again, these are likely just reflections of the effects of added water and the relative dilution or concentration of the fat and protein components. Crude protein content was also positively correlated to gumminess, chewiness, and relative water retention, reflecting the effect of protein on both gel structure and water retention.
Water binding and protein gelation are closely related and the capillarity developed upon formation of the protein matrix during gelation helps entrap and restrict water (Acton and Dick, 1985) . The effect of adding salt, phosphates, or other components to hold water is often superseded by the effects of heat denaturation (Hamm, 1960) . The addition of 20% water to the original meat batter was not held as tightly by the protein matrix as water added up to the 10% level when exposed to retort processing. The highest processing temperature (shortest processing time) resulted in the highest yields and moisture retention compared to the other processing temperatures. This statement follows that made previously that high temperature, short time processing minimizes the degradation of food components, in this case the water-binding properties of the myofibrillar proteins in the meat gels.
Meat processed at ultra-high temperatures retains quality characteristics such as water-binding to a greater degree than meat processed at lower temperature when both processes are of the same F 0 value. Thus, processors may need to change the type of raw meat used for high temperature processes to maximize final product quality and yield.
